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SECTION V 
PARTS LIST 


The following table lists the electronic items incorporated in the RM-21 and should contain any part necessary for nor- 
mal electronic repair. Unless otherwise specified, callouts of manufacturers and manufacturers’ part numbers are to 
be considered typical examples only and not restrictions against using equivalent parts with the same operating 
characteristics. When ordering parts from Eberline, specify model number, serial number, reference designation and | 
value, or a word description if the part has no reference designation. Eberline will automatically substitute equivalent 


parts when the one called out by manufacturers! part number is not available. 


- 


WRAC2 (8) 7.70 


th 


MEVES (8) 16.50 


Belden 17952 


Power Cord 3-wire 


Line Filter/ CORCOM 1B4 


Connector 


Jewell MM3T 


0-50 кА dc MTPA29 (8) 30.00 


Meter 


When ordering a replacement meter, specify complete instrument М 


mode! number, scale labeling (cpm, cps, mR/h, etc), beginning and 
ending scale value and meter face identification number (10472- ). 


‘Lafayette 5:433 = mm 
No. 330 


ADSP3(6) 3.90 
LPBO6(5) 2.50 


Speaker 
Lamp 


14 V, 0.08 A 


FUHO3(5) 2.10 
FUSB2 (1) 1.90 
FUSBIX1) 1.90 


Littelfuse 342022 
Slo Blo 
Slo Blo 


Fuseholder 
Fuse 
Fuse 


ЗАС, 1/8 А 
ЗАС, 1A 


СХМН2 (7)10.00 
СОАЕІ6 (5) 3.20 


Amphenol 27025 
Switchcraft 712A 


MHV ; 
de 


Connector 
Connector 


Molex 09-50-7051 
Molex 09-50-7041 


COMR205(6) .75 
СОМА104(1) .75 


5-ріп 
4-ріп 


Connector 
Connector 


COMR902(8) .50 
COHDII(7) .25 


Molex 09-50-7021 
Molex 08-50-0106 


2-pin 
(for P101, P102, P103) 


Connector 
Crimp Terminals 


150, +5%,2W Carbon Composition RECC150B25(0) 1 . Ot 


Resistor 


Op Amp TOS "DIL-CAN" ог DIP | RCA 31305 or 3130E ІСАОСЗ1305(2) 2.01 
| Op Amp TOS “DIL-CAN” or DIP | RCA 3160S or 3160E ICAOA03160( 9) 1. 8t 
Quad Comparator | 14-pin DIP : National LM339N ICACA0339N.8)2. 1: 
Dual Monostable | 16-pin DIP Motorola MC14538BCP ICCMAA4538R 9) 3. 31 
Quad Op Amp | 14-pin DIP ICAOA0324M.6) 1. 4t 


National LM324N 
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2. Circuit Board (continued) 


RCA CD4001AE ICCMA4001A(9)| 1.00 
National LM317MP ІСАУА003171(1)| 1.90 
16-pin DIP Intersil ICL 8048 CC PE ІСАА8048 (6) | 28.00 & 
8-ріп DIP Intersil ІСІ. 7660CPA ICVO7660 (8) 5.30 
220 pF, 3 kV, 20%, XSF | Sprague 30GAT22 CPXX4 (4) 1.00 E 
att s or equivalent 
4.7 pF, 1 kV Sprague 10TCC-V47 CPCE472F2U(2)| 1.00 


or equivalent 

CRL DD200 

or equivalent 

AVX SR155C103MAA 
or equivalent 

Sprague Type 196D 


20 pF, 1 kV, 10%, S2L CPCE200P3U(3) 


0.01 pF, 50 V, 20%, X7R CPCE103P3N(9) 


39 zF, 10 V, Tantalum CPTA390M3K 5) 


CAPCO MCP 
AVX SRISSAIOIKAA 


5 pF, 10%, 100 V . 
100 pF, 50 У, 10%, - | 
COG (NPO) 

0.1 uF, 25 V or 50 V, 
10%, XIR 


CPPF505P3P (1) 
CPSP101P3N(8) 


USCC CW20C104K 
or equivalent 


C113, C115, CPCE104P3N(7) 
С116,-С118,- 


С125, С126 


CRL DD221 
or equivalent 


Capco EBL-1 
CS13, Case A 


220 pF, 1 kV, 10%, Z5F CPCE221P3U(9) 


CPPF503PXY(9) 
CPTAIOSP3N (4 


M 
e 
e 


0.05 ҺЕ, 3.5 kV, 10% 


1.0 pF, 50 V, 10%, 
Tantalum r ° 


470 pF, 50 V 


° 
o 
"т 


Sprague Type CPAL471M3N(8 


5030-477С050ЕТ 


15 pF, 20 У, 10%, Sprague Туре 1960 CPXX10 (0) 1.30 f 
Tantalum 
150 pF, 50 V, 20%, 251) | AVX SRI55 СРСЕ151Р3М8) .75 


0.001 pF, 1 kV, %10%, 
25Е 


CRL DD-102 CPCE102P3U(1) 


Silicon 1N4148 CRSIIN4148 (7) 


Germanium IN34A CRGEINO0034(9) .75 
Silicon, HV Varo VA-25 CRSIVA0025 3) 3.00 Ë 
CR107, CR108, Silicon 1N402 ^ CRSIIN4002 ( š 


CR109, CR110, 
CR111, CR112, 
CR113, CR114 


Silicon Fairchild FD300 
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2. Circuit Board (continued) 


MANUFACTURER AND | EBERLINE Р 
PART DESCRIPTION PART NUMBER PART NUMBER 


Connector 5-pin, male Molex 09-60-1051 COMR305 (4) „75 
Соппесїог 4-pin, male Molex 09-60-1041 COMR304 (7) .75 
Connector 3-pin, male Molex 09-60-1031 COMR803 (8) .75 

(Partial) ` 

J103 Connector 2-pin, male Molex 09-60-1021 COMR802 (0) .50 

P102 Connector 3-pin, female Molex 09-50-7031 COMR703 (0) .50 

(Partial) ` 5 

Q101 Transistor PNP, silicon 2N4234 TRSP2N4234(7) | 2.20 

Q102, Q108 Transistor PNP, silicon 2N4126 TRSP2N4126(8) .50 
Transistor NPN, silicon 2N4401 TRSN2N4401(6) .50 
Transistor NPN, silicon 2N4124 TRSN2N4124(2) .50 
Transistor PNP, silicon 2N4403 TRSP2N4403(2) .50 
Transistor PNP, silicon 2N6124 TRSP2N6124(5) | 1.00 

R101, R105, | Resistor Ik, 2599, 1/4 W 7777 “| Carbon Composition RECCIO2B22(4) .25 

R113, R120, re: v ОШ 

R159 Ж 

R102 Resistor 510k, +5%, 1/4 W Carbon Composition RECCS514B22(0) .25 

R103, R106, Resistor 10k, +5%, 1/4 W Carbon Composition RECCIO3B22(2) | .25 

-R109,-R110, 

R112, R121, 

R123, R130, 

R145, R146, 

R150, R158 

R104, R131 Resistor 20k, +5%, 1/4 W Carbon Composition RECC203B22(0) į .25 

R133, R144 E 

R107 Potentiometer 100k, multiturn, Bourns 3299W РТСЕ104В03 (5) 12.25 

і а PC mount 

R108 Resistor 39k, +5%, 1/4 W Carbon Composition RECC393B22(9) | .25 

кїї Resistor 68k, 5%, 1/4 W Carbon Composition RECC683B22(3) | .25 

R114 Resistor ` 100 Q, £595, 1/4 W Carbon Composition RECCIO1B22(6)] ,25 

R115 Resistor 9.]k, +590, 1/4 W Carbon Composition RECC912B22(6 50 

R116 Resistor Hk, %5%, 1/4 W Carbon Composition RECCII3B22(1) | .25 

R118 Potentiometer 100k, PC mount CTS 375Y-104B PTCE104B04 (4) |1.25 

Ar R136, | Resistor 1M, +5%, 1/4 W Carbon Composition RECC105B22(7) | .25 

R124 Resistor 1200, +5%, 1/4 W Carbon Composition RECCI21B22(4) | .25 

R125. Potentiometer 100 2, PC mount Bourns 81J1AB20A05 PTXX101B0X7) [10.00 

R126 Resistor 430 0, +5%, 1/4 W Carben Composition RECC431B22(7) 225 

R127, R129 Resistor 5.1k, £5%, 1/4 W Carbon Composition RECC512B22(4) .25 

R128 Resistor 22k, 5%, 1/4 W Carbon Composition RECC223B22(8) 425 
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p PART DESCRIPTION 


2. Circuit Board (continued) 


Resistor 2k, £59», 1/4 W Carbon Composition RECC20282X 2) .25 
Resistor 33k, +5%, 1/4 W Carbon Composition RECC333B2X(5) .25' 
Potentiometer 2.5k, PC mount Bourns 81A1AB20A12 PTXX252B0X (8110.00 
Resistor 20M, +1%, 1/4 W ` RN55D 1.90 


R137, R138, 
R139, R140, 
R141 


RECE206B12(3) 


20k, +5%, 1/4 W 


R142 Resistor RN55D RECE203B12(0) .50 
R147 Potentiometer 10k, PC Mount CTS-375Y-103B РТСЕ103В04(6) | 1.75 
R148 Resistor 100k, +5%, 1/4 W Carbon Composition RECC104522(0) 25 Ë 
R149 Potentiometer 10k, multiturn, PC mount Bourns 3299 W PTCEI03B33(1)] 2.25 


R151 Resistor 4700, +5%, 1/4 W Carbon Composition RECC471B2X( 3) 25 = 
R152, R154 Resistor 243 0, 51%, 1/4 w RN55D RECE241B12(0) .50 Ẹ 
R153 Resistor 2.55k, +1%, 1/4 W RNSSD RECE252B12(7){ 1.00 
R155 Resistor 13k, x19o, 1/4 W RN55D RECE!32B12(1) .25 
R156 Resistor 10k, x 190, 1/4 W RN55D RECEI03B12(2) .25 
R157 Resistor 3400, 41%, 1/4 W RN55D RECE341B1248) .50 
R160, R161 Potentiometer Sk, multiturn, PC Mount Bourns 3299W PTCESQ2B33(4)| 2.25 
R162 Resistor IM, +1%, 1/4 № - | RN55D КЕСЕ105В12(7) .50 
R163 Resistor 7.5к, 6590, 1/4 W Carbon Composition RECC752822(6) 225 
R164- -— Resistor 10M, +590, 1/4 W Carbon Composition RECCIO6B22(5)| . i 
$101 Switch Toggle, ОРОТ, PC mount |С&К 7201 АУ? SWTO22 (5) | 9.50 
or Alco MST-221N-VRA 
$102 Switch 2-pole, 3-pos./pole, Grayhill 71BF30-01-2-3N SWRO20 (6) |19. % 
РС mount, non-shorting 
$103 Switch Slide, SPDT, PC mount Alco TSS11DG-PC SWSL6 (3) 5.00 
$104 Switch Momentary PB, C&K 8225DAV2 SWPBI3 (4) 9.20 
PC mount, DPDT à 
Т101 Transformer -> 117/12 Vac, 350 mA Stancor P8391 TFPO10 10. sof 
i * (Note: 230 Vac option 
requires Stancor P8721, 
Eberline Part No. TFP034) : 
HV Assembly EIC 10931-00 YP10931000(2) í 80. oof 
3. Battery Option YP11138000 
Battery 12V Power Sonic PS-1212 BTGC6 (4) | 29. od 
Connector 3-station Molex 09-50-7031 COMR703 (0) .50 | 
Crimp Terminals Molex 08-50-0106 COHDII (7) .25 
for P102 Í 
Switch Momentary PB, SPDT C&K #8121 Y4ZE (3) 7.20 


SWPBI4 
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CERTIFIED CALIBRATION REPAIR 


Eberline Instrument Certified Calibration ........... Syed ddan esse preme whe eden Call Service Center for prices 
$100.00 each 


Repair Rate above Calibration plus Parts at List Price 
Contractual rates are available on periodic repair and/or calibration. Contact Service Center for prices. 


THREE-YEAR (3) EXTENDED WARRANTY 
This includes Certified Calibration plus Parts 


1. Eberline Instruments, FOB Eberline Instrument Repair and Calibration Facility ........... $70.00 each/quarter 


MISCELLANEOUS 


1. Turn Around Time: 
Calibration: Five (5) working days on Eberline instruments. 
Repair: Twelve (12) working days on Eberline instruments unless parts have to be ordered. 


2. FOB Santa Fe, New Mexico, or West Columbia, South Carolina 


3. Instruments for warranty repair, repair, or calibration must be sent to: 


Instrument Repair and Calibration Instrument Repair and Calibration 
Eberline Instrument Corporation Eberline Instrument Corporation 

P.O. Box 2108, Airport Road 312 Miami Street 

Santa Fe, New Mexico 87504-2108 West Columbia, South Carolina 29169 
Telephone: (505) 471-3232 Е Telephone: (803) 796-3604 


4. In addition, the following Customer Service Centers are available for customers outside the United States. 


Thermo Electron, Ltd. Safety Supply Canada 
Woolborough Lane 214 King Street E 
Crawley, West Sussex Toronto, Ontario 
England, RH10 2AQ Canada MSA 1J8 
Telephone: (44) 293-544811 Telephone: (416) 364-3234 


Prices at these locations will vary from U.S. prices. Please contact the facilities for current price and delivery information. 


February 1986 


EBERLINE INSTRUMENTS STANDARD WARRANTY 


One-Year Warranty: Seller warrants to replace or repair, at its option, any products or parts thereof (excluditig tubes, 
crystals and batteries [tubes and crystals 90 days] ) which are found defective in material or workmanship within one 
year from date of shipment. Seller’s obligation with regard to such products or parts shall be limited to replacement or 
repair, FOB seller’s factory or authorized repair station, at seller’s option. The aforesaid warranty will be voided if 
repair has been attempted by other than seller’s authorized personnel. In no event shall seller be liable for consequen- 
tial or special damages, transportation, installation, adjustment, work done by customer or other expenses which may 
arise in connection with such defective product or parts. 


Exclusion of Warranties and Limitation of Liability: The foregoing warranty is expressly made in lieu of any and ai 
other warranties express or implied including the warranties of merchantability and fitness for a particular purpose. 
Under no circumstances shall seller be liable for any indirect, special, incidental or consequential damages to customer 
or to any third party. 


Е 
wm иш аш 


Eberline 


Asubsidiary of Thermo Instrument Systems inc. 


P.O. Box 2108 
Santa Fe, New Mexico B7504-2108 
(505) 471-3232 TWX: 910-985-0678 
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BERLINE INSTRUMENT CORPORATION 
SANTA FE, у NEW MEXICO 


Figure 1-1. Model RM-21, Radiation Monitor. 
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SECTION I 
GENERAL 


A. PURPOSE AND DESCRIPTION 


The RM-21 Radiation Monitor is .a compact, versatile, alarming, logarithmic 
count rate meter with a charge sensitive input and variable high voltage. The 
unit is suitable for use with most Geiger-Mueller (G-M), scintillation, and 
proportional detectors. 


Power is supplied by the AC line or external DC supply. An internal 
12 V, gelled electrolyte, lead-acid battery is optional, and is float charged 
when the unit is operating from the AC line. 


The RM-21 indicates the incoming count rate on a logarithmic scale. The alarm 
set point and the high voltage output are also read out on the meter when 
selected by the function switch. The high voltage is adjusted by an internal 
control, and the alarm set point is adjustable over the scale of the meter by 
a front panel control. The alarm, when actuated, does not interrupt or affect 
meter reading and is a locking type which will continue to provide a loud tone 
on the speaker until the reset switch is depressed. 


Under non-alarm counting conditions the speaker produces one click for each 


.event detected, with volume variable from zero to maximum by means of a front 


panel control. ` 


The logarithmic meter circuits are designed to operate from one to one million 
counts per minute. Any consecutive 4, 5 or 6 decades in this range may be 
used and presented on an appropriate meter face. The specific meter faces 
presently designed and the corresponding Tu model numbers are as follows: 
(More may be assigned in the future.) 


RM-21-1. Five decades, 10 to 1M cpm 

RM-21-2. Four decades, 10 to 100k cpm 
RM-21-3. Four decades, .01 to 100 mR/h 
RM-21-4. Four decades, 1 to 10k mrem/h 
B. SPECIFICATIONS 

1. METER 
<- à. Scale Length: 3.33 inches (8.4 cm). 
b.. High Voltage Scale Marking: 0 to 2.5 kV in 50 V increments. 


c. Battery Check: All meters have a battery check mark which is used 
onTy when the optional internal battery is installed. 
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MODEL RM-21 
GENERAL 


RESPONSE TIME: Variable, dependent upon signal count rate and setting 
of internal response control. Above 1k cpm meter, response adjustable 
between 1 and 10 seconds to 90 percent of final reading. At 100 cpm, 
the response is adjustable between about 4 and 15 seconds. At 10 cpm, 
the response time is about 30 seconds and is about 5 minutes at 1 cpm. 


LINEARITY: Within £10 percent of reading. 

ALARM POINT: Adjustable from low end to greater than full scale by 
front panel control, displayed when function switch is in the ALARM 
‘position. Š 


ALARM INDICATION: Front panel ALARM light (red) and approximately 1 
kHz tone on speaker independent of volume control. 


SPEAKER: Two-inch-diameter. One click.for each event counted. Volume 
adjustable from zero to maximum. ` 


HIGH VOLTAGE: Adjustable by internal control from less than *300 V to 
+1800 V with а 100 M load and to +2500 Y on a proportional chamber. 


INPUT SENSITIVITY: Selectable by an internal switch from 
approximately 2 х 10-13 coulombs to 3 х 10-12 coulombs. 
(Approximately equivalent to 1 mV to 15 mV.) ` 
THRESHOLD: Adjustable from 0 to approximately 3 V. 


RESOLVING TIME: Approximately 10 microseconds (us) with pulse height 
1.5X threshold. : К > 


POWER 


a. AC: 105 - 125 V, 50/60 Hz at less than 0.1 A; 230 V, 50/60 Hz 
option is available. s 


b. DC: 10 to 20 V (12 Vdc nominal) at approximately 25 mA DC (no 
` alarm). Up to 400 mA DC under alarm conditions with high count 
rates. 


c. Optional internal battery life approximately 40 hours on one full 
charge (no alarm). 


d. Mating connector to front panel DC connector is Switchcraft No. 
760. The center conductor is positive. 


TEMPERATURE: The instrument is operational from -200F to -*1400F 
(-299C to +600C) with less than #15 percent Change in calibration 
or alarm point and less than £5 percent change in high voltage. 


DETECTOR CONNECTOR: МНҰ coaxial. 
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MODEL RM-21 
GENERAL 
DETECTOR REQUIREMENTS 
a. Operating voltage: Any positive voltage from 300 to 1800 V with a 
100 M ohm Toad and up to 2500 V for a proportional chamber. 
b. Impedance: 100 M minimum DC resistance. 
c. Pulse Height: At least 1.0 mV (negative going) with a rise time of 


us or Tess. 
15. MECHANICAL 

a. Size: 
Height: 5 1/2 inches (14.0 cm) 
Depth: 6 1/2 inches (16.5 cm) 
Width: 7 1/2 inches (19.0 cm) 

b. Weight: 2 3/4 pounds (1 1/4 kg); 4 1/4.pounds (1.9 kg) with 
optional battery installed. 
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Figure 2-1. Model RM-21, Rear View. 


R147 HIGH VOLTAGE 
DISPLAY CALIBRATION 


в 
ZERO А160 R107 DISCRIMINATOR 
. R149 HIGH VOLTAGE ADJUSTMENT 


J103 


$103 
GM-P SWITCH 


— M ——7 


В118 RESPONSE 


Figure 2-2. Model RM-21, Top View. 
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SECTION II 
OPERATION 


A. DESCRIPTION OF CONTROLS AND CONNECTORS 


i. EXTERNAL (See Figures 1-1, 2-1, and 2-2). 

a. Function: Three-position rotary switch selects readout of the high 
voltage, alarm set point, and count rate. 

b. POWER: Toggle switch to turn the instrument ON. 

c. DC: Connector jack which accepts external DC power. Mates wi th 
Switchcraft No. 760. Center pin is positive. 

d. VOLUME: Varies the loudness of speaker clicks from zero to maximum. 

e. ALARM SET: Sets the point on the meter scale at which the alarm 
will actuate. 

f. RESET: Unlatches the alarm, if actuated, and returns the seter 
reading to the low end of the scale. 

g. DETECTOR: The connection to detector is MHV coaxial and center pin 
is positive. 

h. AC CONNECTOR AND LINE FILTER: Mates with power cord for AC input. 

2. INTERNAL (See Figure 2-2) | | 

a. SPAN: This contro] sets the number of decades of count rate 
between low scale and full scale on the meter. 

b. ZERO: This control adjusts the meter reading to correspond to the 
Tncoming signal rate (after the SPAN is set). 

c. RESPONSE: Adjusts the meter response time for a compromise between 
speed and fluctuation of reading. (This control is primarily 
effective at the higher count rates. The log circuits provide a 
long response time at very low count rates.) 

d. HV CAL: Calibrates the HY readout to indicate the actual high 
voTtage. 

e. GM/P switch: Selects a low gain (G-M) amplifier configuration for 
geiger tube and high gain scintillation detectors, or a high gain 

P) configuration for gas proportional and low gain scintillation 
detectors. 

f. DISCR: Discriminator control which sets the threshold level 
between 0 and 3 V, approximately. 
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MODEL RM-21 
OPERATION 


g. HV ADJ: Control which adjusts the high voltage applied to the 
detector. : 


PREPARATION FOR USE 


INSPECTION: The instrument should be checked for physical damage. 


CONNECTIONS: Plug the ac cord into a 115 V, 60 Hz line or connect *10 
to 20 Vdc to the DC connector and turn the POWER switch ON. (If the 
optional internal battery is installed, the unit will operate wi thout 
an external power connection.) 


USING THE INSTRUMENT 


STARTING: Turn the switch to HV and verify that the high voltage is 
suitable for the detector to be used. If in doubt about this, refer 
to the calibration procedure in the maintenance section. 


OPERATION CHECK: With the detector connected and the function switch 
in the count position, place a check source in a repeatable position 
adjacent to the detector, and note that a suitable reading is obtained. 


Push the RESET button. The reading should drop to the low end of the 
scale rapidly, then climb back to the source reading when RESET is 
released. The RESPONSE control (internal) пау be adjusted for the 
best compromise between fast response and steady reading. 


Rotate the ALARM SET counterclockwise until an alarm occurs as 
indicated by the ALARM light and a 1000 Hz squeal on the speaker. 
Push the RESET button; the alarm indication should stop until the 
reading again reaches the alarm set point. 


INTERPRETATION OF INDICATIONS: The fluctuation of the meter is normal 
and is caused by the random nature of radioactive decay. 
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SECTION III 
THEORY OF OPERATION 


A. GENERAL 


The high voltage supply develops high voltage for the detector. When 
radiation reacts in the detector, negative pulses are generated. These pulses 
are coupled into an amplifier. : 


The amplified pulses are applied to a discriminator circuit, which passes 
pulses of a given size or greater, converting them toa standard amplitude for 
further processing. 


The discriminator output pulses drive the meter and speaker trigger circuits, 

which generate standard width pulses for input to their respective drivers. ` 
The meter driver converts the trigger pulses to current pulses, integrates 
them, generates a voltage proportional to the logarithm of this current, and 
drives the meter. Thus the meter reading is proportional to the average rate . 
of radiation at the detector. 


The meter drive voltage is applied to a comparator whose reference voltage is 
controlled by the ALARM SET control. When the meter drive voltage exceeds the 
reference voltage, the circuit recognizes an alarm condition, which turns on 
the alarm oscillator and couples its frequency to the speaker. 


B. FUNCTIONAL THEORY (See Figure 6-1, the general schematic) 


1. HIGH VOLTAGE SUPPLY: This unit consists of a controlled oscillator 
(0101), voltage step-up and rectification (T102), high voltage 
division for feedback (R138-R142), feedback buffer amplifier (A105), 
and the oscillator control comparator (A103). 


The HV ADJ control (R149) sets a reference voltage at one input of 
A103, and the buffered feedback from the high voltage output drives 
the other input. The regulation circuit is in balance when these 
voltages are approximately equal. If the reference vol tage is 
increased, by adjusting the HV ADJ clockwise, comparator A103's output 
(pin 14) goes low, gating oscillator 0101 on, increasing the high 
voltage output and the feedback voltage until the comparator output 
gates the oscillator off again. 


A heavier load’ tends to lower the high voltage, unbalancing the 
comparator. This tends to increase the duty cycle of the oscillator 
so as to maintain the desired output. 


2. AMPLIFIER: The amplifier consists of А101, А102 and associated 
circuitry. А101 is configured as an inverting charge-sensitive stage, 
the sensitivity of which is inversely proportional to the capacitance 
of C102. R109 and R110 bias the amplifiers to a +4 V quiescent 
operating point. R102 provides DC feedback around the stage and C103 
ensures stability.  R101, CR101, and CR102 protect the input of the 
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THEORY OF OPERATION 


amplifier from transient spikes. Al02 is a non-inverting stage with a 
gain of 20, approximately. СА105 limits the undershoot amplitude to 
improve overload recovery time. The GM-P switch (5103) connects the 
output of A101 or A102 to the discriminator. The P (proportional) 
position utilizes the gain of A102 in series with A101 to provide the 
greater sensitivity required with gas proportional detectors. The G-M 
(Geiger-Meuller) position uses A101 only, providing lower gain and 
better overload recovery for better performance with geiger tube 
detectors. Most scintillation detectors will work satisfactorily with 
either gain configuration; the only operating difference being the 
different high voltages required. 


DISCRIMINATOR: The discriminator consists of ‘one-fourth of a quad 
comparator, А103, (pins 10, 11 and 13) and associated circuitry. | The 
DISCR control (R107) sets a reference voltage at the * input to the 


comparator. When the positive-going amplifier’ output pulse at the -. 
input to the comparator exceeds the reference voltage, the comparator 


output switches to ground. C106 provides positive feedback for 


jitter-free switching. When the amplifier pulse returns to baseline, 


the comparator output returns to *8 volts through pull-up resistor 
R108. i 


TRIGGER CIRCUITS: The triggers consist of A104 and associated 
circuitry. A104 is a dual monostable multivibrator, one section of 
which is the meter. circuit trigger, and the other half is the speaker 
circuit trigger. The width of the pulse out of. the meter trigger is 
approximately 10 us. 


The speaker trigger pulse width at pin 6 is fixed at approximately 
250 us. The circuit between pins 6 and 4 of A104 sets a maximum 
speaker rate of about 1000 pulses per second. 


INTEGRATOR-LOG CONVERTER: The negative meter trigger pulse out of A104 
(pin 9) causes Q108 to conduct a given current for the duration of the 
trigger pulse. C108 integrates this charge and discharges through 
CR115 and CRil6 into pin 2 of A109, the logarithmic converter. These 
two diodes provide a high impedance current source input for A109, 
yielding greater dynamic range than a voltage source input. At a one 
count per minute input rate, approximately 1 x 10-9 amperes flow 
into A109, pin 2. At one million cpm, the current is about 1 mA. 
R162 sets the reference current for the log amplifier at approximately 
84A. When the input current equals the reference current (at 
approximately 7k cpm input), the output at pin 10 of А109 is zero 
volts. This output swings from +3 V to -2 V as the input current 
increases from minimum to maximum. One section of А105 (pins 8, 9 and 
10) inverts this output, scales it, down by a factor of ten, and 
references it to ground. R118 and C112 comprise a variable RC 
network, which provides a means of adjusting the response time and 
smoothing the output. The next section of A105 (pins 1, 2 and 3) 
serves as a non-inverting buffer to convert this voltage to meter 
current through R163. 
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In the HV position, the range switch connects the high voltage 
feedback’ signal (through R147, the high voltage calibration control, ) 
to this section of A105 so that the meter indicates the high voltage. 
In the ALARM position, the alarm reference voltage, selected by R135, 
the ALARM SET control, is connected to A105, indicating the alarm set 
point on the meter. 


SPEAKER DRIVER: The 250 us speaker trigger pulse from A104, pin 6, is 
amplified by Q107 and Q106 to drive the VOLUME control (R125) and the 
speaker coil through isolating diode СК107. One click is heard for 
each event counted. 


The 1 kHz alam tone is amplified by Q104 and Q105 to drive the 
speaker voice coil, with CR107 providing isolation from the volume 
control so that the alarm tone is not affected by the volume setting. 


ALARM CIRCUIT: The alarm circuit consists mainly of A103, A106 and 
associated circuitry. 


The meter drive signal from R118 is connected to A103 (pin 6). The 
ALARM SET. (R135) reference voltage is applied to the other input of 
the.same comparator, pin 7. When the meter signal becomes greater 
than the reference, the output, pin 1, goes to ground, causing the 
other comparator output, pin 2, to switch pin 2 to ground also, 
latching the alarm condition. This low signal turns оп 0102 and 0103, 
causing the ALARM light to come on. If the RESET switch (S104) is 
pushed after the alarm-causing high reading has gone away, the 
comparators will unlatch, allowing pins 1 and 2 to rise to +8 V again. 


During the alarm condition, the low output from the comparator gates 
the 1 kHz tone oscillator (A106) into operation. A high output 
disables the oscillator. The frequency is determined by R129 and C115. 


POWER CIRCUITRY: The ac line voltage is stepped down by T101, full 
wave rectified by CR109-112, and filtered by C120. A107 provides a 
regulated *14.5 V line for the speaker amplifiers and for battery 
charging if the optional internal battery is installed or an external 
12 V battery is in use. A108 provides a regulated +8 V line for most 
of the remaining circuitry. The design is such that Т101 limits the 
current available for heavy alarm and charging loads, allowing A107 to 
pull out of regulation without affecting the *8 V line. А110 is a 
voltage converter which supplies -7 V to the log amplifier (A109) and 
quad amplifier A105. 


The DC connector (J3) on the front panel permits the instrument to be 
powered by an external DC source, such as an automobile battery. In 
this case (of if the internal battery is installed) the *14.5 volt 
line will be approximately *10 volts, resulting in somewhat less audio 
from the speaker. 
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THEORY OF OPERATION 


OPTIONS AND MODIFICATIONS 


INTERNAL BATTERY OPTION: This option includes a 12 V gelled 
electrolyte, sealed lead acid battery, which will provide more than 40 
hours of normal operation (no alarm) ‘on one charge. The battery is 
continuously float charged while the instrument is turned on and 
operating from the AC line. A discharged battery will recharge in 8 
hours or less. Actuating the BATTERY CHECK pushbutton (5105) on the 
rear panel causes the meter to read above the BAT CHK mark if the 
battery is charged. 


230 Vac OPTION: This option permits the instrument to be operated from 
a 230 V, 50 or 60 Hz line. The only component change is that a 230 V 
transformer is substituted for the 115 V version of T101. 


NON-LOCKING ALARM: When this modification is made, the alarm will end 
any time the input signal rate falls below the alarm set point. To 
make this modification, locate the upper outside lead on the back of 
the reset switch (The lead nearest A101) and cut it in two. 


MODIFICATION: The circuit board terminals, numbered 1 through 6, shown 
at the lower left corner of Figure 6-1, the general schematic, provide 
for possible modifications. Terminal 6 is forced low during an alarm 
condition. Terminal 1 provides a positive pulse (for counting by an 
external scaler) each time a count is registered by the RM-21. 
Terminals 2, 3 and 4 may be used to adjust the high voltage externally. 
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SECTION IV 
MAINTENANCE 


DISASSEMBLY AND REASSEMBLY 


To remove the cover, remove the 10-32 screw from each side of the unit 
and lift the cover off. š 


To remove the circuit board, unplug the three nylon connectors and the 
two tab connectors near the DETECTOR connector. Remove the knobs and 
nuts from the board-mounted controls which protrude through the front 
panel; i.e., POWER, VOLUME, range switch,- ALARM SET апа RESET. 
Unscrew the AC input connector and line filter assembly from the rear 
panel. Remove the two 4-40 screws at the rear corners of the board 
and slide the board back and out to the side. (If the battery is 
installed it will have to be removed first.) 


PREVENTIVE MAINTENANCE 


1. Keep the instrument clean and dry. There is no scheduled preventive 
maintenance. 

CALIBRATION 

1. HIGH VOLTAGE INDICATION: Calibration of the high voltage readout 
requires the use of a very high impedance (1000 M ог more) voltmeter 

capable of measuring up to 2500 V. 

a. Connect the positive side of the high voltage voltmeter to the 
outboard end of C117, the high voltage filter capacitor. Connect 
the reference side to chassis ground at the lug on the DETECTOR 
connector. Set the range switch to the HV position. 

b. Adjust the HV ADJ pot (R149) until the external high voltage meter 
reads 2000 V. Adjust the HV CAL pot (R147) until the front panel 
meter also indicates 2.0 kV. 

C. Set the HV ADJ pot for 2500, 1500, 1000, and 500 V. The front 
panel meter should agree with each setting within +50 V. 

2. CALIBRATION TO TRUE FREQUENCY: If calibration to true incoming pulse 


rate is appropriate, a pulse generator such as the Eberline Model MP-1 
or equivalent is necessary. The pulser must produce negative going 
pulses with a rise time of 1 „s or less. Also, the pulser should be 
connected to the instrument through a 0.001 „F, 3 КҮ capacitor to 
block the DC high voltage at the DETECTOR connector. (The MP-1 pulser 
has this capacitor built in.) 


a. Set the RM-21 DISCR control for 1 V between pins 10 and 11 of 
A103. Set the ALARM SET control fully clockwise. Set the GM-P 
switch to P. 
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MAINTENANCE 
Set the ZERO and SPAN potentiometers to their approximate center 


positions. 


Connect the pulser to the DETECTOR connector on the front panel. 
Set the pulse amplitude at 10 mV. 


Set the function switch to the COUNT position and adjust the 
pulser to approximately the nominal mid-scale count rate. 


Adjust the ZERO control for a near mid-scale needle position. 
Switch the pulser alternately. between its present setting and one 


decade higher and adjust the SPAN control until the RM-21 meter 
changes approximately one decade between these two  pulser 


р settings. (The exact location of the decade swing on the meter 


face is not important for this step.) 


Set the pulser to the count rate selected in step d. and adjust 
the ZERO control for a reading of that rate on the meter. 


For final adjustment of the SPAN control, alternately switch the 
pulser rate across a two or three decade span and set the SPAN 
control for a corresponding two or three decade swing. (Again, 
the exact meter indication is not vital at this point.) 


For final adjustment of the ZERO control, set the pulser for a 
rate equivalent to a reading between 50 percent апа 80 percent of 
full deflection and set the ZERO control for that reading on the 
meter. 


j. Check the overall calibration by setting the pulser to read in 
each decade. The meter should indicate the input rate within £10 
percent of reading. 

k. To check the alarm operation, set the pulser for a near mid-scale 
reading. Set the function switch to the ALARM position and slowly 
rotate the ALARM SET knob counterclockwise until an alarm 
condition is reached. The point at which the alarm occurs should 
be within one needle width of the count rate reading just set. 

1. Switch to the COUNT position and momentarily press the RESET 

` switch. The alarm will cease and the meter will fall to the low 
end and then recover toward the original reading. The alarm 
should recur when the original reading is reached. Press the 
RESET switch, rotate the ALARM SET control fully clockwise and 
disconnect the pulser. 

m. Set the function switch to the HY position and adjust the high 
voltage to suit the intended detector. (If this voltage is not 
known, follow steps 3.b and 3.c. 
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MAINTENANCE 


n. Connect the detector to the RM-21 with the cable to be used in 
actual operation (if possible). Expose the detector to a source 
of radiation to assure that the system is operational. 


3. CALIBRATION TO DETECTOR RESPONSE: If it is appropriate to calibrate 
the instrument to the response of a detector (instead of counts per 
.minute) such as mR/h, for example, proceed as follows. 


a. Perform calibration steps C.2.a. through C.2.1. to accurately set 
the number of full span decades. Use the approximate detector 
sensitivity to estimate the mid span count rate for steps C.2.d. 
and C.2.g. Omit steps C.2.i. and C.2.j. 


b. For G-M detectors,. set the GM-P switch to the GM position. For 
scintillation detectors use the GM position unless more than 1500 
Y is required in which case the P position should be used. For 
gas proportional detectors, P position gain and higher detector 
voltages are required. The DISCR control may be set lower, which 
simulates increased gain, but care must be exercised to avoid 
setting the sensitivity below the level of internal noise 
generated by the alarm and speaker circuits. 


c. Before connecting the detector, make sure the high voltage is not 
set excessively high. If the proper voltage is known, set the 
controls for that output. If the proper high voltage is not 
known, set the voltage low, connect the detector and plot a 
voltage plateau curve (count rate versus detector voltage) for 
both background radiation and for the radiation of interest. Use 
the curves to select the best operating voltage and set the high 
voltage to that value. 


d. Expose the detector to a known radiation intensity and adjust the 
ZERO control for a corresponding meter reading. 


e. If facilities are available expose the detector to known radiation 
intensities which will result in meter readings in each decade. 
If desired, use these data points to make the final ZERO control 
adjustment. 


D. TROUBLESHOOTING 


Typical voltages and waveforms are given on the schematic (Figure 6-1) and 
component locations are shown in Figure 6-2. 


Voltages are measured with a digital voltmeter with 10 M or higher input 


impedance. High voltage is best measured with an electrostatic voltmeter 
or DVM with high voltage probe having 1000 M impedance or higher. 
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SECTION V 


PARTS LIST 


The following table lists the electronic items incorporated in the RM-21 and should contain any part necessary for nor- 
mal electronic repair. Unless otherwise specified, callouts of manufacturers and manufacturers’ part numbers are to 


be considered typical examples only and not res 
characteristics. When ordering parts from Eberline, specify model number, serial numbe 


trictions against using equivalent parts with the same operating 
r, reference designation and 


value, or a word description if the part has no reference designation. Eberline will automatically substitute equivalent 
parts when the one called out by manufacturers' part number is not available. 


Power Cord 


Line Filter/ 
Connector 


Meter 


0-50 pA dc 


Belden 17952 


CORCOM 1B4 


Jewell MM3T 


When ordering a replacement meter. specify complete instrument 
model number, scale labeling (cpm, cps. mR- h, etc), beginning and 
ending scale value and meter face identification number (10472 ). 


Speaker 
Lamp 


Fuseholder 
Fuse 
Fuse 


Connector 
Connector 


Connector 
Connector 


Connector 
Crimp Terminals 


Resistor 


Op Amp 

Op Amp 

“Quad Comparator 
Dual Monostable 
Quad Op Amp 


CHANGE 2 


14 V, 0.08 A 


3AG, 1⁄8 A 
3AG,1A 


$-pin 
4-pin 


2-pin 
(for P101, P102, P103) 


15 0, +5%,2W 


TOS '"DIL-CAN" or DIP 
TOS “DIL-CAN” or DIP 
14-ріп DIP 
16-pin DIP 
14-pin DIP 


Lafayette S-433 
No. 330 


Littelfuse 342022 
Slo Blo 
Slo Blo 


Amphenol 27025 
Switchcraft 712A 


Molex 09-50-7051 
Molex 09-50-7041 


Molex 09-50-7021 
Molex 08-50-0106 


Carbon Composition 


RCA 31305 or 3130E 
RCA 3160S or 3160E 
National LM339N 
Motorola MC14538BCP 
National LM324N 


MANUFACTURER AND 
PART NUMBER 


ADSP3 
LPBU6 


М ноз 
FUSB2 
FUSB12 


CXMH2 
COAFI6 


COMR205 
COMR104 


COMR902 
COHDII 


RECCISOB2* 


ICAOC3130S 

ICAOA03160 
ICACA0339N 
ICCMA4538B 
ICAOA0324N 


EBERLINE 
PART NUMBER 


MODEL RM-21 


ñ ` MANUFACTURER AND | EBERLINE 
REF DESIG  |PART DESCRIPTION PART NUMBER PART NUMBER 
| 2. Circuit Board (continued) І : б. 


Quad NOR Gate 
Voltage Regulator 
Log Amp 

Voltage Converter 


«MOS, 14-pin DIP 
Progammable 
16-pin DIP 

8-pin DIP 


RCA CD4001AE 
National LM317MP 
Intersil ICL 8048 CC PE 
Intersil ICL 7660CPA 


ICCMA4001A 


ICAVAOO317T 
1C A ANILIN 


ІСУСО7660 


Capacitor 


C129, C131 
C108 
Ci 


C113, C115, 
C116, C118, 
C125, C126 


CRIOI, CR102: 
СК104, CR117 


CR105 
CR106 
CRIO7, CRI08, 


CR113, CR114 


СК115, СКІ16 | Diode 


220 pF, 3 kV, 20%, XSF 
4.7 pF, 1 kV 

20 pF, 1 kV, 10%, S2L 
0.01 ИЕ, 50 У, 20%, X7R 


39 aF, 10 V, Tantalum 


5 uF, 10%, 100 V 
100 pF, 50 V, 1095, 
COG (NPO) 

0.1 pF, 25 V or 50 V, 
10%, X7R 


220 pF, 1 KV, 10%, Z5F 


0.05 uF, 3.5 kV, 10% 


1.0 pF, 50 V, 10%, 
Tantalum 


470 uF, 50 V 


15 pF, 20 V, 10%, 
Tantalum 


150 pF, 50 V, 20%, 251) 


0.001 ДЕ, 1 kV, x: 1095, 
Z5F 


Silicon 


Germanium 
Silicon, HV 
Silicon 


Silicon 


Sprague 30GAT22 
or equivalent 
Sprague IOTCC-V47 
or equivalent 

CRL DD200 

or equivalent 


AVX SR155CI03MAA 
or equivalent 


Sprague Type 196D 


CAPCO MCP 
AVX 8К155А101КАА 


USCC CW20C104K 
or equivalent 


CRL DD221 
or equivalent 


Capco EBL-1 
CS13, Case А 


Sprague Type 
503р-4776050ЕТ 
Sprague Туре 196D 
AVX SRISS 

CRL DD-102 


1N4148 


IN34A 
Varo VA-25 : 
1N4002 


Fairchild FD300 


CPXX4 ` 


CPCE472F2U 


‚ CPCE200P3U 


CPCE103P3N 


CPTA390M3F 


CPPF505P3P 
CPSP101P3N 


CPCE104P3N 


CPCE221P3U 


CPPF5S03PXY 
СРТА105Р3М 


CPAL471M3N 
CPXX10 


CPCEI51P3N 
CPCE102P3U 


CRSIIN4148 


CRGEINQ034 
CRSIVA0025 
CRSIIN4002 


CRSIFD300 


CHANGE 3 


REF DESIG 


2. Circuit Board (continued) 


J101 


102 
(Partial) 
Ho , 
(Partial) | 
поз 


Р102 
(Partial) 


Qo - 
Q102, Q108 
9103 
9104, 0107 
0105 

0106 


R101, R105, 
R113, R120, 
R159 


R102 


R103, R106, 
R109, R110,. 
R112, R121, 
R123, R130, 
R145, R146, 
‘R150, R158 


R104, R131 
R133, R144 


R107 


R108 
R111 
R114 
R115 
R116 
R118 


R122, R136, 
R165 


R124 
R125 
R126 
R127, R129 
R128 


CHANGE 2 


Connector 
Connector 


Connector 


Connector 


Connector 


| Transistor 


Transistor 
Transistor 
Transistor 
Transistor 
Transistor . 


Resistor 


Resistor 
Resistor 


Resistor 
Potentiometer 


Resistor 
Resistor 
Resistor ` 
Resistor 
Resistor 
Potentiometer 
Resistor 


Resistor 
Potentiometer 
Resistor 
Resistor 


Resistor 


MODEL RM-21 


š MANUFACTURER AND 
PART DESCRIPTION PART NUMBER 


5-pin, male | 
4-pin, male 


3-pin, male 
2-pin, male ` 


3-pin, female 


PNP, silicon 
PNP, silicon 
NPN, silicon 
NPN, silicon 
PNP, silicon 
PNP, silicon 


ІК, x59», 1/4 W 


510k, .+5%, 1/4 W 
10k, +5%, 1/4 W 


20k, £5%, 1/4 W 


100k, multiturn, 
PC mount 


39k, x59», 1/4 W 
68k, +5%, 1/4 W 
100 0, 5%, 1/4 W 
9.1k,,+5%, 1/4 W 
llk, +5%, 1/4 W 
100k, PC-mount 
ІМ, %5%, 1/4 W 


120 0, +5%, 1/4 W 
100 0, PC mount 
430 0, +5%, 1/4 W 
5.1k, +5%, 1/4 W 
22k, +590, 1/4 W 


Molex 09-60-1051 
Molex 09-60-1041 


Molex 09-60-1031 


Molex 09-60-1021 


Molex 09-50-7031 


2N4234 
2N4126 
2N4401 
2N4124 
2N4403 
2N6124 


Carbon Composition 


- Carbon Composition 


Carbon Composition 


Carbon Composition 
Bourns 3299W 


Carbon Composition 
Carbon Composition 
Carbon Composition 
Carbon Composition 
Carbon Composition 
CTS 375Y-104B 

Carbon Composition 


Carbon Composition 
Bourns 81J1AB20A05 
Carbon Composition 
Carbon Composition 
Carbon Composition 


EBERLINE 


PART NUMBER 


COMR305 
COMR304 


СОМК803 


СОМЕ802: 
COMR703 
TRSP2N4234 


TRSP2N4126 
TRSN2N4401 


TRSN2N4124 . 


TRSP2N4403 
TRSP2N6124 


RECC102B22 


КЕСС514В22 
RECC103B22 


RECC203B22 
PTCE104B03 


RECC393B22 
RECC683B22 
RECC101B22 
RECC912B22 
RECC113B22 
PTCE104B04 
RECC105B22 


КЕССІ21В22 


PTXXIOIBOX' ` 


RECC431B22 
КЕСС512В22 
КЕСС223В22 
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І : [MANUFACTURER AND | EBERLINE 
PART DESCRIPTION PART NUMBER PART NUMBER 


R132 
R134 
R135 


R137, R138, 
R139, R140, 
R141 


R142 
R147 
R148 
R149 
R151 
R152, R154 
R153 
К155 
К156 
К157 
R160, R161 
R162 
R163 
R164 


Resistor 
Resistor 
Potentiometer 
Resistor 


Resistor 
Potentiometer 
Resistor 
Potentiometer 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Resistor 
Potentiometer 
Resistor 
Resistor 
Resistor 


$101 Switch 


$102 Switch 


$103 Switch 
$104 Switch 


Transformer 


HV Assembly 
3. Battery Option YP11138000 
Battery 


Connector 


Crimp Terminals 


for P102 


Switch 


2k, +5%, 1/4 W 
33k, +5%, 1/4 W 
2.5k, PC mount 
20M, +1%, 1/4 W 


20k, +5%, 1/4 W 

10k, PC Mount 

100k, +5%, 1/4 W 

(Ok, multiturn, PC mount 
470 Q, +5%, 1/4 W 

243 9, +1%, 1/4 W 
2.55k, +1%, 1/4 W 
1.3k, +190, 1/4 W 

10k, +1%, 1/4 W 

340 0, +1%, 1/4 W 

5k, multiturn, PC Mount 
IM, +1%, 1/4 W 

7.5k, +5%, 1/4 W 
10M, +5%, 1/4 W 


Toggle, DPDT, PC mount 


2-pole, 3-pos./pole, 


PC mount, non-shorting 


Slide, SPDT, PC mount 


Momentary PB, 
PC mount, DPDT 


117/12 Vac, 350 mA 
(Note: 230 Vac option 


requires Stancor P8721, 
Eberline Part No. TFP034) 


12V 


3-station 


Momentary PB, SPDT 


RECC202B22 
RECC333B22 
PTXX252B0X 
RECE206B12 


Carbon Composition 
Carbon Composition 
Bourns 81A1AB20A12 
RNSSD 


RN55D 
CTS-375Y-103B 
Carbon Composition 
Bourns 3299W 
Carbon Composition 
RN55D 

RN55D 

RN55D 

RN55D 

RN55D 

Bourns 3299W | 
RN55D 

Carbon Composition 
Carbon Composition 


RECE203B12 
PTCE103B04 
RECC104B22 
PTCE103B33 
RECC471B22 
RECE241B12 
RECE252B12 
RECE132B12 
RECEIO3BI2 - 
RECE341B12 
PTCF502B33 
RECE105B12 
RECC752B22 
RECC106B22 


C&K 7201 AV2 
or Alco MST-221N-VRA 


Grayhill 71BF30-01-2-3N 


SWTO22 


SWRO20 


Alco TSS11DG-PC 
C&K 8225DAV2 


SWSL6 
SWPB13 


Stancor P8391 TFPO10 


FIC 10931-00 YP10931000 


Power Sonic PS-1212 BTGC6 


Molex 09-50-7031 COMR703 


Molex 08-50-0106 COHDII 


| SWPBI4 


C&K #8121 Y4ZE 
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Change 2 


Figure 6-2. Model RM-21 Component Layout of Circuit Board (11123-CO7 A) 
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